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ABSTRACT 

We report the results of a 3 year-long dedicated monitoring campaign of a restless Luminous Blue 
Variable (LBV) in NGC 7259. The object, named SN 2009ip, was observed photometrically and 
spectroscopically in the optical and near-infrared domains. We monitored a number of erupting 
episodes in the past few years, and increased the density of our observations during eruptive episodes. 
In this paper we present the full historical data set from 2009-2012 with multi-wavelength dense 
coverage of the two high luminosity events between August - September 2012. We construct bolometric 
light curves and measure the total luminosities of these eruptive or explosive events. We label them 
the 2012a event (lasting ~ 50 days) with a peak of 3 x lO'^^ergs"^, and the 2012b event (14 day 
rise time, still ongoing) with a peak of 8 x 10"*^ ergs~^. The latter event has reached an absolute 
R-band magnitude of about -18, comparable in brightness and luminosity to that of a core-collapse 
supernova (SN). Our historical monitoring has detected high- velocity spectral features (~13000km 
s~^) in September 2011, one year before the current SN-like event. This suggests that the detection 
of such high velocity outflows cannot, conclusively, point to a core-collapse SN origin. We suggest 
that the initial peak in the 2012a event was unlikely to be due to a faint core-collapse SN. We propose 
that the high intrinsic luminosity of the latest peak, the variability history of SN 2009ip, and the 
detection of broad spectral lines indicative of high-velocity ejecta are consistent with a pulsational 
pair-instability event, in which the star may have survived the last outburst. The question of the 
survival of the LBV progenitor star and its future fate remain open issues, only to be answered with 
future monitoring of this historically unique explosion. 

Subject headings: supernovae: general — supernovae: individual (SN 2009ip), supernovae: individual 
(SN 2000ch) 
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1. INTRODUCTION 

Luminous Blue Variables (LBVs) are among the 
most luminous and massive stars found in late-type 
galaxies. In a few cases, these stars have been ob- 
served to produce major eruptions that mimic a gen- 
uine supernova (SN) explosion. For this reason, the y 
gained the label of SN impostors (jVan Dvk et al.ll2000t ). 
The discrimination between SN impostors (i.e. LBV- 
type eruptions) and type Iln SNe can be ambiguous 
'see e .g. the SN 2011ht-like objects, iRoming et al.l 



20121: iMauerhan et all l2012al: iHumphrevs et al.ri2012l: 



Kankare et al.l l2012t iDessart et al.l 120091: iChugai et alj 
200^^ 

LBVs have been widely studied in the Milky 
Way, Local Group galax i es and beyond (e.g . 



Humphrevs fc DavidsonI Il994l: IHumphrevs et al.l 119991 : 



Maund et all 120061: TSmith et al.l 12011111 They have 
high mass-loss rates and frequently show what is known 
as S-Doradus variability during which mass-loss is 
enhanced, possibly due to temperature changes and 
ionization balance of ato mic species that drive the wind 
(jVink fc de Koteii l2002| ). Giant eruptions have been 
observed during which several solar masses of material 
can be ejected and the intrinsic stellar luminosity 
increases substantially. The physical mechanism that 
triggers these giant eruptions is still unknown. Based 
on analysis of SN data, a link bet ween some LBVs and 
SNc Iln has been pro] j osed (see e.g.lKotak fc Vinkll2006l: 
■^rith & Owocki 2Q0i ISmith et al.l 120071: iTrundle et al.l 
20081. |2009|)- There is one case (SN 2005gl) in which a 



likely LBV has been obse r ved t o explode as luminous 
SNe Iln (|Gal-Yam et al.l 120071 : IGal-Yam fc Leonard I 
[2009h . and one other case (SN 2010jl) for which there is 
a plausible argument for a massive progenito r star of a 
type Iln SN (M > 30 M^. ISmith er5]l20TTal) . E!l 

In an exciting turn of events, a well observed LBV in 
the spiral galaxy NGC 7259 (designated as SN 2009ip 
during a giant outburst in 2009) has recently been 
proposed to have now exploded as a core-collapse SN 
(jMauerhan et al.l l2012bL and references therein) . The 
object was first dis covered on Augu st 26, 2009 by the 
CHASE SN Search ()Maza et al.ll2009D as a faint transient 
at « 17.9 mag, and was later classified as a SN imp ostor 
by a number of te ams ('Mill er et all 120091 iLi et al.l[200l 
iBerger et all2009D. The n ature of SN 2 009i p was widely 
discussed in ISmith et aP (|2010l l2011b( ) and iFolev et al.l 
(|201H) . Through the analysis of pre-outburst archival 
HST images these studies provided robust evidence that 
the progenitor was a very massive star {Mzaais > 60 
Mq) that experienced repeated eruptions typical of the 
LBV phase. 

Subsequent re-brightenings were announced by the 
Catalina Real-Tim e Survey team on October 1, 2010 
I2010D and, very recently, on July 24, 2012 

l2oTa) . which were first labeled as new 

LBV- type eruptions fe.g. iFoley et al.ll2012f ). However, 
from the detection of high- velocity spectral features on 
September 15 and 16, 2012 ISmith fc Mauerhanl (j2012al ) 

■^^ We note that eruptions of Wolf-Rayet stars producing im- 
postors with a luminosity similar to that of an LBV outburst 
have later on been observed to explode as He-rich Ibn SNe 
UPastor ello ct al."2007'. '2008al:IFolev ct al. 2007) or hybrid Iln/Ibn 
events ^Pastorello ct al. 2008b: Smith ct al. 2012). 
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Fig. 1.— SN 2009ip in NGC 7259, and reference stars in the host 
galaxy field. 

first mentioned the possibility that SN 2009ip exploded 
as a real core-collapse SN E3- High-cadence optical imag- 



2012 re -brightening has been presented by 'Prieto et al] 
(l2012bD. We also note that n o jMargutti et al. 2012a, 5 



ing in the R and I bands showing the stron g September 

1 presented by 

^ ^ ioj|Margutti c 

iChandra fc Soderberg" 2012; Hancock ct al. 2012) or 
marginal ([Campana 2012; Margutti fc Soderberg 201^ 
X-ray and radio detections of SN 2009ip have been re- 
ported so far. 

In this paper we present observations of the LBV 
known as SN 2009ip in NGC 7259 over a period of 3 yrs 
including: i) data showing erratic variability starting 
from August 2009, when the obje ct closely resembled 
NGC 3432-LBVl (ak a SN 2000ch, IWagner et ail [200l 
iPastorello et al.l 120101 ) . a SN impostor that experienced 
multiple energetic outbursts. Our data of SN 2009ip also 
include observations of repeated outbursts during the pe- 
riod May to October 2011 which have not been reported 
to date; ii) the recent evolution of the LBV as a putative 
SN. 

2. OBSERVATIONS 

Three years ago, after the first an nouncement of th e 
discovery of a transient in NGC 7259 (|Maza et al.ll2009| ). 
we initiated an extensive spectroscopic and photometric 
monitoring campaign in the optical bands using a num- 
ber of telescopes available to our collaboration. After 
about 100 days, the follow-up strategy was relaxed and 
the photometric monitoring was limited to the R band. 

■^^ We note that after the Smith & Mauerhan communica- 
tion there has been a proliferation of electronic telegrams on 
this transient, with different interpretations on its nature - SN 
vs. SN impostor - (Margutti ct al. 2012a; Martin ct al. 2012|; 
IBrimac ombc 2012; Margutti ct al. 2012b; Smith & MaucrhaS 
'2012b; Leonard ct al. 2012; Burgasscr ct al. 2012; Vinko ct aU 
2012; Pricto ct al. 2012a; Martin ct al. 2012b; Gall ct al. 201^ 
lBohlsenll2012l 'l. although it is quite clear that most authors now 
favor the SN explosion scenario. 
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Fig. 2. — Top: R-band absolute light curve of SN 2009ip (blue diamonds) compared with those of the impostor NGC 3432-LBVl (yellow 
circles), the debated SN/impostor 1961V (photograp hic plate m agnitudes, magenta dot-dashed line) and the historical visual light curve 
of r] Carinae during the period 1842-1845 (revised by lSm ith Frew 2011, red dotted line). The cyan diamonds represent CRTS V-band 
measu rements (see also Drakejit al. 2010, 2012). The data showing NGC 3432-LBVl during the period 2008-2012 are from PastorcUo ct al] 
II2010I ). plus additional recent unpublished observations (see Appendix). The epoch of the r] Carinae light curve is year 1842.213 (UT). 
The erratic photometric variability is a common property of major eruptions of LBVs. Middle: Ultra- violet /optical/near-infrared a pparent 
ligh t curves of the transient from Aug 8, 2012, 2 weeks before the publication of the announcement of a new re-brightening from Dr ake et al.l 
||20"12). Shifts of AU = +0.27 , AB = -1-0.018 and AV = -0.042 have been applied to the u,b,v Swift/UVOT magnitudes of SN 2009ip to 
match the U,B,V Johnson photometry. The shifts have been computed after a comparison of the magnitudes of the reference stars in the 
SN field in the two photometric systems. Bottom: BVRI light curves of the impostor SN 2009ip during the first 3 months from the first 
ever detection in 2009 (iMaza et al.ii2009i') . 
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Fig. 3. — Bolometric light curve of SN 2009ip from August to Oc- 
tober 2012 (showing both the 2012a and 2012b events), compared 
with the bolometric light curves of the fai n t type IIP SN 2005cs 
HBrown et al.l [20071: [Pastorello et al.l \200B. [2009f) and the type 
Iln/IIL SN 1 998S (Liu et al."200';'Fassia et a"l.' 200g; Gerar dv et all 
[20M : lPozzoe t al. 2004). The light curves of SNc 2005cs and 1998S 
are shown in an arbitrary temporal scale to well match respectively 
the 2012a and 2012b eruptive events of SN 2009ip. 

Due to its unpredictable behavior, we kept up a mon- 
itoring campaign of this object during the following 3 
years. 

After the recent re- brightening of SN 2009ip announced 
by the Catalina Re al-Time Survey team on July 24, 2012 
(jPrake et al.|[20l2l ). we intensified our observing cadence 
and secured multi-color photometry and spectroscopy 
from the optical to the near-IR domains. In addition, 
SWIFT optical and ultra-violet observations have been 
triggered (Pis: R. Margutti and P. W. A. Roming) and 
included in our analysifE3, particularly to give a wide 
wavelength bolometric light curve of the 2012 eruptions. 

2.1. Photometry 

SN 2009ip is located close to a red (R = 18.05 ± 0.04, 
R-I = 0.72 ± 0.05) foreground star, in a remote posi- 
tion North-East of the host galaxy (Figure [T]). Our pho- 
tometric measurements were performed using the PSF- 
fitting technique, with the simultaneous fit of the tran- 
sient and the nearby star. A number of reference stars in 
the SN field were calibrated u sing observatio ns of stan- 
dard fields from the catalog of iLandoltl (|1992'), and used 
to improve the photometric calibration of SN 2009ip in 
non-photometric nights. The final photometry of the 
transient and the magnitudes of the reference stars are 
listed in AppendisEEI- 

The R-band absolute light curve of SN 2009ip starting 

Independent measurements using the images from the same 
dataset were published in[Mauerhan et al. (20123). 

W e find excellent agreement with the CRTS and |Prietoet_al.l 
l|2012bl 'l photometry, while the data of .IVIauerhan et al.l l[2012bl . 



from August 2009 and spanning a period of more than 3 
years is shown in Figure [2] (Top p anel) along with that o f 
a similar event, NGC 3432-LBVl (jPastorello et al.l2010D . 
the debated tr ansient (SN or impostor) 196iy (photo- 
graphic mags, 'Ber tolalfl96l I1964L I1965L |1967) and the 
revised visual light curve of the Giant Erup tion of rj 
Carinae in 1842-1845 fsee iSmith et al.ll2011bl and ref- 
erences therein). The same distance modulus (// = 31.55 
m ag) and inter stellar extin ction (Ar = 0.0 5 1) adop ted 
by ISmith et all (|2010D and iMauerhan et al.l (L2012bl) for 
SN 2009ip have been used in the absolute R-band light 
curve of Figure [5] The erratic light curves of all these 
transients show similar features. SN 2009ip experienced 
a few intense eruptive phases, including those on August- 
September 2009 and from May to October 2011, charac- 
terized by a sequence of sharp luminosity peaks followed 
by rapid magnitude declines; the multi-band light curve 
of the 2009 event covering a period of about 3 months 
is shown in the bottom panel. The 2009 eruptive phase 
presents the erratic evolution typical of on LBV-type gi- 
ant eruption, and is very similar to those observed in the 
Giant Eruption of tj Carinae and in NGC 3432-LBVl. 

Other re-brightenings were registered by CRTS (to 
magnitudes V~ 17 on Jul 15, 2010, and 17.7 on Sep 
29, 2010, Drake et alllMol shown as cyan diamonds in 
Figure [21 top). Older records ( before Augus t 2009 ) from 
the CRTS archive^ and from I Smith et al.l (poTol) have 
never registered the transient at a magnitude brighter 
than about ^ 20.4. These new data are more compre- 
hensive, and reveal a recent variability history for SN 
2009ip which is more complex than one c an infer from the 
schematic light curve representation of IMauerhan et ahl 
(2012b). 

During J uly-August 2012 a n ew re-brightening was an- 
nounced by [Drake et al.l ()2012l cyan diamonds in Figure 
[21 top). This event was then followed by a strong un- 
precedented burst (starting around September 23) which 
is about 30 times more luminous than the previous oscil- 
lations. This SN-like rise in luminosity will be extensively 
discussed later in this paper. The phase between August 
to October 2012 is shown in the middle panel of Figure 
[21 with panchromatic light curves of SN 2009ip obtained 
with the ground-based telescopes and the SWIFT satel- 
lite. 

Figure [3] shows the bolometric light curve of SN 
20 09ip from the Augu st 2012 re-brightening announced 
bv [Drake et al.l ()2012[ ) to the current epoch. It appears 
to show 2 distinct phases: a broader (and fainter) ear- 
lier peak (that we will label as "2012a event" for sim- 
plicity), that ends around September 23 and reaches 
a luminosity of 3 x 10'''^ erg s~^, and a fast-rising, 
higher luminosity second peak ("2012b event") with a 
maximum at about 8 x 10^^ erg s~^. IMauerhan et al.l 

see their Table 2) show a large and significant discrepancy with 
our photometry. In particular, the photometry of SN 2009ip from 
IMa uerhan et al. (2012b) is too faint by more than 2 mags in the 
B band and 0.3 in the I band. The R-band data are in reasonable 
agreement to the order of a few hundredths of a magnitude. Hence 
the average B-R color computed with the Mauerhan et al. photom- 
etry is ~ 2.5, vs. B-R ~ 0.5-0.7 that is calculated with our data. 
We are confident that our calibration is correct because we used 
standard photometric calibration procedures based on the Landolt 
catalog, and our photometry provides blue colors that arc in agree- 
ment with the very blue spectral continuum of this transient. 
http://nesssi.cacr.caltech.edu/catalina/current.html 



SN 2009ip, is this the end? 



■VLT-UT1+F0RS2 
- Sep 7, 2009 

-VLT-UTl+FORSS 
Sep 25, 2009 



.VLT-UT1+F0RS2 
-Sep 29, 2009 



CO 

C 
O 

O 



O 




NTT+EF0SC2 
^^ov 24, 2009 



-NTT+EF0SC2 
Oct 6, 2010 



. VLT-UT2 
XShooter 
Sep 2, 2011 



J I I L 



NTT+EF0SC2 
22, 2009 




2000 3000 4000 5000 6000 7000 

wavelength (A) 



8000 



9000 



Fig. 4. — Sequence of spectra of the LBV in NGC 7259, obtained from September 2009 to September 2011. 
galaxy wavelength frame. 



All spectra are in the host 



(|2012H) noted that the maximum luminosity of the 2012a 
event is consistent with the luminosity of a faint SN IIP 
(jPastorello et al.ll2004[ ). although with a faster evolving 
light curve. Along wit h spectral similarities, this led 
iMauerhan et al.l (|2012bl ) to suggest that the 2012a event 
was the true core-collapse SN event of the LBV star. 
We confirm that the bolometric luminosity of the 2012a 
event is similar to SN 2005cs, as one can note from Fig- 
ure [3] The subsequent faster rise to the second peak (the 
2012b event) presents an even tighter similarity with that 
of the ty pe Iln/IIL SN 1998S. Th e 2012b event was pro- 
posed bv IMauerhan et aH ()2012b( ) to be due to strong SN 
ejecta-CSM interaction. We measure a 2 week long rise- 
time, reaching a peak apparent magnitude of B = 13.80 
(R = 13.65) on October 6, 2012 and then it declines in 



luminosity, more rapidly in the ultra-violet and the blue 
optical bands. We will see in Section [3] that the 2012a 
and 2012b sequence of events may have an alternative 
explanation. 

We also remark that none of the comparison objects 
in Figure [2] shows the regular, SN-like light curve that 
characterized SN 2009ip during the 2012b event. This 
late photometric evolution combined with the bright lu- 
minous peak (Mr ~ -18) may support the claim that at 
least during the 2012b event SN 2009ip has finally ex- 
ploded as a real supernova. We note that the color of SN 
2009ip at the light curve peak (on October 6, 2012) is 
U-V « -1 mag, significantly bluer than that of the 2012a 
event at maximum (U-V « -0.5 mag). At the pre-burst 
minimum of September 23, the U-V color was instead 
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Fig. 5. — Sequence of spectra obtained between August and September 2012, including those of the putative SN explosion. A higher 
resolution XShooter spectrum obtained on September 24, 2011, i.e. before the 2012 re-brightening, is also shown at the top of the sequence 
(green color). All spectra are all in the host galaxy wavelength frame. 



significantly redder, i.e. « mag. 

2.2. Spectroscopy 

Optical and near-infrared spectra of SN 2009ip (Fig- 
ures m [SI [HI and [71 the log of observations is in Ap- 
pendix) were collected using the 8.2-m Very Large Tele- 
scope (VLT) UTl (-1- FORS) and UT2 (-hXShooter) at 
the Cerro Paranal Observatory (ESO Chile), the 3.58-ni 
ESO-NTT (+ EF0SC2 and SOFI) at the La Silla Obser- 
vatory (ESO Chile), the 8.2-m Gemini South Telescope 
(with CMOS) in Cerro Pachon (Chile), the 3.58-m Tele- 
scopic Nazionale Galileo (TNG, equipped with LRS), the 
4.2-m Wihiam Herschel Telescope (WHT, with ISIS) and 
the 2.56-m Nordic Optical Telescope (-1- ALFOSC) lo- 
cated in La Palma (Canary Islands, Spain). 



The spectra relative to the 2009 outburst reported in 
Figure [3| are all dominated by prominent Balmer lines 
with a complex profile. The weak absorption features 
indicate that the bulk of the ejected material is mov- 
ing with a velocity of 2900 ± 700 km s~^, but the blue 
edge of the isolated H/3 absorption suggests the presence 
of fast-moving material which is expanding at a velocity 
of about 5000-6000 km s^^. The Ha emission compo- 
nent in September 2009 has a Lorentzian profile with 
a FWHM velocity of about 700-800 km s-\ which in- 
creases to about 1100-1200 km s~^ during the period 
October-November, 2009 (when the object was receding 
to a more quiescent stage). 

After a further outburst (September 2010) reported by 
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iDrake et alj ()201ClD . a spectrum obtained on October 6, 

2010 shows SN 2009ip at a similar stage as the November 
24, 2009 spectrum, i.e. with the star again quiescent. 
The FWHM velocity of the Lorentzian Ha component in 
this phase is still around 1300 km s~^. The September 
2, 2011 VLT spectrum reported at the bottom of Figure 
0] shows SN 2009ip to be back to a dormant stage, and 
the FWHM velocity of the Lorentzian Ha component is 
about 940 km s"^ 

Figure [5] shows the spectra of the transient during 
the period August-October 2012, compared with a VLT 
spectrum obtained on September 24, 2011 (green line), 
during another outburst episode. In the September 24, 

2011 spectrum, the FWHM velocity of Ha, which still 
has a Lorentzian profile, has slightly decreased to around 
790 km s""'^, and other Balmer lines clearly show very 
broad absorption components, with a blue edge that in- 
dicates that there is material moving with a velocity as 
high as 12500 km s~^ already at this epoch (see also 
Figure [6]) . This is the highest velocity outflow that has 
been detected in an LBV-like eruption of any sort and 
indicates that high velocities are observed without core- 
collapse or the catastrophic destruction of the star. This 
has important consequences for the interpretation of high 
velocity ejecta as evidence for the core-collapse mecha- 
nism in the 2012a event. We subsequently obtained an 
NTT spectrum on August 8, 2012 (JD = 2456148.91, 
i.e. 10 days befor e the new outburs t - the 2012a event - 
was announced bv lDrak e ct al."2012'). The broad absorp- 
tion features were present also at this epoch, and indeed 
were stronger than in the September 24, 2011 spectrum 
(Figure [5]). The minimum of the broad absorption com- 
ponents of the Balmer lines has a core at 8600 ± 400 
km s^^, with a blue wing extending up to 14000 km 
s^^, while the Lorentzian emission survives at a FWHM 
velocity of about 1380 km s~^. The presence of these 
componen ts was observed in Septembe r 15 and 16, 2012 
spectra bv lSmith fc MauerhanI (|2012af ). and this was the 
critical measurement that led the authors to propose that 
the LBV had exploded as a core-collapse SN, i.e. that 
the 2012a event was due to stellar core-collapse and an 
explosion with fairly low kinetic energy like SN 2005cs. 

Our spectra collected between August 18 and Septem- 
ber 5, 2012 show little evolution: the H features show 
prominent P-Cygni profiles, with deep minima at 8000- 
9000 km s~^ and edges possibly extending to 14000- 
15000 km s^^. The Ha narrow emission component 
still has a FWHM velocity of 800 ± 100 km s'^, while 
the highest resolution spectra allow us to measure the 
FWHM velocity from the clearly detected narrow Fe II 
emissions (multiplet 42) to be about 2 40 zt 2 km s~^. 

As highhghted bv iMauerhan et all (|2012bl ). the spec- 
tra from September 10 to 23 (2012a event) do closely 
resemble those of type II SNe (the similarity with early 
spectra of the under-luminous type IIP SN 2005cs shown 
in their Figure 2 is remarkable). Both H and Fe II lines 
now show broad P-Cygni profiles with a prominent broad 
emission component. However we now present spectra of 
the 2012a event covering a period from August 8, 2012 
to September 23, 2012 (47 days), and we do not observe 
the typical evolution of a type II SN over this period. 
In particular, 15-20 days after explosion, type II-P SNe 
develop the strong, broad near-infrared Ca II triplet fea- 
ture (PastorcUo et al...2006, ). but we don't observe this 



for the 2012a event. The cores of the absorptions of 
the Balmer features indicate expansion velocity of the 
ejected material of - 5000-6000 km s'^ (4200 ± 500 km 
s"^ from the Fe II lines), but the blue edge of the wings 
still reach to much higher velocities (about 13800 km 
s^^). Figured (top) shows a comparison of SN 2009ip 
at 3 representative epochs (September 24, 2011; August 
8 and September 28, 2012) with a spectrum of NGC 
3432-LBVl in outburst (April 24 2009). The high ve- 
locity P-Cygni absorption (in the Balmer lines) is cer- 
tainly stronger in the 2012a event than we observed in 
2011 and in NGC3432-LBV1 in outburst, but we illus- 
trate here that the detection of high velocity gas is not 
only restricted to core-collapse SNe. Similar high ve- 
locity edges are clearly detected in SN 2009ip in 2011 
(13800 km s'M and in NGC3432-LBV1 (-9000 km s^^, 
iPastorello et al.ll2010[ ). We will discuss the implications 
of this in Section |3l 

These broad absorptions disappear at the time of the 
2012b event, in September 28 and October 4 spectra 
(Figures [5] & m top), when the luminosity of SN 2009ip 
reaches the unprecedented maximum. At these times, 
the spectra are very si milar to those of man y type Iln 
SNe (e.g. SN 1999el. IPTCarlo et al.l [200l . with the 
H lines presenting a narrow emission component with 
a FWHM velocity of about 290 km s^^ and very broad 
wings (—3600 km s~^). Similar velocities are measured 
in the He I lines, which are now more prominent than in 
past spectra, whilst the Fe II lines are no longer visible. 

The spectrum of SN 2009ip obtained on 25 September 
2009 with VLT-UTl equipped with F0RS2 has a very 
high signal-to-noise ratio. This gives us the opportunity 
to identify the most important lines in the spectrum of 
SN 2009ip (Figure m bottom). The spectrum is domi- 
nated by strong Balmer and Paschen lines of H, showing 
weak and narrow (2850 ± 490 km s^^) P-Cygni profiles. 
Weak He I lines (being the 5876A feature blended with 
Na I D 5890-5896 A) and a number of Fe II multiplet 
lines are also detected. We note that in the September 
28, 2012 spectrum of SN 2009ip (during the 2012b out- 
burst. Figure [S]), the spectral properties are quite simi- 
lar to those observed in the afore-mentioned VLT spec- 
trum, although the detection of Fe II lines is not obvious. 
Most of these lines are also visible in the spectrum of the 
impostor NGC3432-LBV1 shown as a comparison, with 
quite similar velocity of the narrow components (< 650 
km s~^). Narrow O I and Ca II lines are relatively promi- 
nent in SN 2009ip, while they were not unambiguously 
detected in NGC 3432-LBVl (ahhough this might be due 
to the lower signal-to-noise spectrum). 

A sequence of near-infrared spectra of SN 2009ip is 
shown in Figure [Tj The continuum is always quite blue in 
these spectra. The strongest lines are detected as broad 
features with P-Cygni profiles, and narrower emissions 
superimposed to the broad components. The broad P- 
Cygni components become more evident with time and in 
the September 23, 2012 spectrum (at the time of the on- 
set of the 2012b eruption) they dominate over the narrow 
lines. We identify Br 7 at 2165 nm. Pa a (that is barely 
visible in the middle of the telluric absorption around 
1875 nm). Pa ^ at 1282 nm and Pa 7 at 1094 nm, blended 
with He I 1083 nm. The September 23, 2012 spectrum, 
in particular, shows a broad Pa /3 with FWHM veloc- 
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Fig. 6. — Top: comparison of spectra of SN 2009ip at 3 representative epochs (24 September 2011, and during the 2012a and 2012b 
events) with a spectrum in outburst of NGC3432-LBV1. The vertical dashed green lines mark the position of the highest velocity edges of 
the H/3 components in the 2 objects. Bottom: line identification in the optical spectrum of SN 2009ip obtained on September 25, 2009 
(VLT+XShooter), and comparison with a spectrum of NGC 3432-LBVl in outburst. 



ity of about 6200 km and a prominent blue-shifted 
absorption of Pa 7 + He I 1083 nm with an expansion 
velocity of about 10000 km s^^, as obtained from the 
position of the broad absorption minimum. The nar- 
row He I 1083 nm line, which was marginally detectable 
in previous spectra, is now clearly visible, and is well 
separated from Pa 7. The narrow Paschen lines have 
Lorentzian profiles with a FWHM velocity of about 400 
km s~^, whilst the narrow He I A 1083 nm appears to be 
slightly broader (^800-1000 km s^^) and with a roughly 
Gaussian profile. 



3. REAL SUPERNOVA OR SUPERNOVA 
IMPOSTOR? 

SN 2009ip is a remarkable object for a number of rea- 
sons: i) it experienced a series of energetic outbursts 
since 2009, when the transient reached absolute peak 
magnitudes between -14 and -15; ii) the spectral features 
reveal the presence of ejected material at very high veloc- 
ities (several x 10'^ km s~^); iii) the progenitor star was 
observed to be extremely luminous in quiescence (My = 
-10.0 ± 0.3) and was proposed to be a massive LBV (> 60 
M^. lFolev eFa i. 2011; Smith ct al. 2010); iv) finally, in 
September 2012 the star displayed a further, exception- 
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Fig. 7. — Sequence of near-infrared spectra of SN 2009ip obtained from August to September 2012. The XShooter spectrum of September 
24, 2011 is also shown in green. 



ally luminous oiitburst (the 2012b event, with My « -18, 
iMauerhan et al.|[2012bl and references therein), suggest- 
ing that the LBV may have experienced a core-collapse 
SN explosion. The luminosity during that event, and its 
similarity to SNe Iln spectra are possibly the strongest 
indicators that a core-collapse SN has occurred, more 
so than the broad lines of the spectra during the 2012a 
pre-cursor event. 

The complex, erratic 2009-2012 light curve of SN 
2009ip (Section 12.11) indicates that the LBV entered a 
very active variability phase resembling those of the un- 
usual NGC 3432-LBVl or rj Carinae during the Giant 
Eruption of the 19th century. In the case of NGC 3432- 
LBVl, multiple eruptions on short time scales (about 
200-220 days) have been proposed to be the result of vi- 
olent pulses of a very massive star (possibly via the pul- 
sational pair-instability mechanism) that is approaching 
the end of its life, presumably with the core-collapse. Al- 
ternatively, the pulses may be regulate d by the passage 
of a companion star to the periastron (jPastorello et al.l 

The presence of a companion was proposed to explain 



The presence of very fast material 13000 km s^^) in 
SN 2009ip already almost 1 year before the putative SN 
explosion (i.e. in the 24th September 2011 spectrum), 
and also in NGC 3432-LBVl (- 9000 km s"!) suggests 
that these LBV related eruptions could quite feasibly 
be linked with the 2012a event. The highest velocity in 
the Homunculus N ebula surrou nding rj Carinae reaches 
3500-6000 km s-i (!Smithll2008f l. Typical LBV eruptions 
are discussed in terms of extreme stellar winds driven by 
the super-Eddington luminosity of the star. However, 
these winds are expected to have ve l ocitie s of the order 
of a few X 10^ km s'^ (e.g. iSmithI 120081) . The detec- 
tion of this high-velocity gas in some LBV outbursts (in- 
cluding the afore-mentioned events) suggests that these 
episodes probably originate in explosions deeper in the 
star, perhaps in the core. These release an energy that 
may compete with t hose of weak SNe (e.g. faint SNe IIP, 
such as SN 1999br. [Paitorello et aLll2004D . producing a 
blast wave that allows the sta r to expel massive portions 
of the envelope (jSmithl [20081 ). All of this is expected to 

the modulated, quasi -periodic light curve of NGC 3432-LBVl 
UPaatorello et al.l[201Ch . 



10 



Pastorello et al. 



produce transients that closely mimic the energy and the 
overall properties of a real SN exploding in a dense CSM 
(type Iln). 

3.1. No core-collapse SN during the 2012a event 

One of the most remarkable findings inferred from the 
analysis of the August and early September spectra of SN 
2009ip (during the 2012a event) is that the bulk of the 
ejected material has extremely high expansion velocities 
(8000-9000 km s'^, with edges extending up to 14 000 km 
s-\ see Section [2T2| and lMauerhan et al.ll2"012b[ ). This, 
and the striking similarity between the early September 
spectra of SN 2009ip an d those of the weak type IIP SN 
2005CS (jPastorello et al.h 2G06. 2009|) led lMauerhan et al.l 
(|2012b( ) to conclude that SN 2009ip had likely exploded 
as a faint, ^^Ni-poor core-collapse SN during the Au- 
gust re-brightening episode. The fact that we can ob- 
serve features from the SN ejecta inside an extended 
and dense CSM is explained with a non homogeneous, 
possibly clumpy distribution of the material lost by the 
LBV in pulsations preceding the explosion. While this is 
plausible, we would caution that the detection of high- 
velocity ejecta cannot be regarded as a conclusive proof, 
because very high ve locity material was al so observed 
in NGC 3432-LBVl (Past orello eFall [20T1 where the 
broad wing of the II/3 absorption extended to 9000 km 
s~^), during an eruption of a known SN impostor. 

The core-co ll apse SN scenario proposed by 
iMauerhan et al.l (|2012bl ) is unlikely, since there is 
a number of observables that require a rather ad-hoc 
combination of events: i) the high-velocity absorption 
wings measured in the spectra obtained a fter the an- 
noun cement of the 2012a outburst episode ([Drake et al.l 
120121 ) are actually similar to those we have seen in the 
September 24, 2011 and August 8, 2012 spectra, which 
raises the question whether and in case when the SN 
explosion occurred; ii) the peak absolute magnitude 
(Mfl ^ -15) and the evolutionary timescales of the 2012a 
event are consistent with those of previous eruptive 
episodes (in particular the 2009 event, see Figure [5]); 
finally iii) it is not trivial to explain how an extremely 
massive LBV (M>60 Mq, likely with Mzams > 90-100 
Mq) can explode as a weak type II SN: we may need 
to invoke sub-sequent eruptions to explain the events 
before July-August 2012, and subsequently a fall-back 
core-colla pse SN with forrn a tion of a black hole. 

In the IMauerhan et al.l ()2012b[ ) interpretation, the 
2012b event is fairly simply explained as core-collapse SN 
ejecta-CSM interaction. However it is also plausible that 
the 2012a event was an eruptive phase, and the 2012b 
luminosity comes from the actual core-collapse, similar 
to what is assumed to occur in Iln SNe, or even from 
the collision of material ejected in the previous eruption 
with pre-existing CSM. 

3.2. SN 2009ip, a pulsational pair-instability event 

The detection of high velocity ejecta (12500 km s^^) on 
September 24, 2011 indicates that the star has managed 
to eject material at velocities that we would normally 
associate with a SN explosion. It is very unlikely that 
the core collapsed at this point (see Section I3?T|) . which 
implies that the high velocity material has been ejected 
in the 2012a event without invoking a core-collapse SN 



explosion. What triggers these ejecti ons is still unclear , 
but the very hig h progenitor mass ([Smith et al.l 120101 : 
iFolev et al.ll201ll) indicates that the events may be signa- 
tures of pulsational pair-instability (Bar kat~et al.lll967l : 
IWooslev et al. 2007?F[. 

The lWooslev et alT i 20071 ) model of a pulsational pair- 
instability SN suggests that colliding shells of material 
can dissipate most of the relative kinetic energy as ra- 
diation. One solar mass of material moving at 8000 km 
s~^ has a kinetic energy of more than 10^" erg, enough to 
power the measured bolometric light curve of the 2012b 
event shown in Figure |3l As SN 2009ip has experienced 
multiple mass ejections, perhaps even more than those 
we have detected due to possible gaps in the observa- 
tional coverage (Figure|2]), it is plausible there are shells, 
or clumps of slower moving gas that will slow the fast 
ejecta of 2009ip d uring the 2012a episode. 

As discussed in IMauerhan et aTl ([2012b[ ). there are no 
known line-driven wind mechanism or continuum driven 
wind mechanism for driving material off the stellar sur- 
face at the high velocities observed. The energy to pro- 
vide > lO'^'^erg per solar mass ejected must presumably 
come from a core-related event. 

There is also some consistency in the velocity of the 
material ejected during the 2012a event and the radius 
of the emitting region in the 2012b episode. The 2012a 
event lasts approximately 50 days, during which the bulk 
of material starts at 8000-9000 km s~^ on 5 September 
2012, slowing to 5000-6000 km s'^ after about 10 days. 
The fast ejecta likely travelled around 5 x lO^R©, be- 
fore impacting on a surrounding shell and causing the 
dramatic increase in luminosity in the rise to the 2012b 
light curve peak. If the kinetic energy of the shell is then 
converted into radiative energy, one would expect that 
an emitting sphere of radius 5 x lO^R© at a black-body 
temperature of around 10000 K would emit at L ~ a few 
xlO^^ergs"^. This crude luminosity estimate is of the 
same order of magnitude to that we see in Figure HI 

The pulsational pair-instability SN model requires a 
star of initial mass to be in the range 95-130 Mq. The 
standard mass-loss prescriptions for such massive stars 
has to be relaxed so that in the final stages the star 
should retain enough mass to enhance the core temper- 
ature to cause the pair-instability. The progenitor has 
been estimated to have more than 60 Mq , implying that 
has retained most of its envelope. This is supported by 
the evidence that broad h ydrogen features are detected in 
all th e ejection episo des ([Smith et al.ll2010l : iFolev et all 
1201 IL see also Section |Z2|) . An interesting measurement 
would be the metallicity at the distance of SN 2009ip 
from the host galaxy nucleus (about 4 kpc) to determine 
if it is significantly metal poor. At the current stage, only 
a statistical approach is possible to estimate the local 
oxygen abundanc e. Adopting t he ho st galaxy distance 
and reddening of iSmith et al.l ([2010I ). the host galaxy 
has an absolute B-band magnitude of -17.9. Following 

The pu l sation al pair-instability scenario discussed by 
IWooslev et al.l I I2007I1 is applicable for stars with main-sequence 
masses in the range 95-130 Mq. This is apparently above the mass 
proposed for the precursor of SN 2009ip. We note, howfever, that 
the absolute magnitu de of the L BV progenitor of SN 2009ip (see 
e.g. Figure 3 in Foley et al.|[2011l ) is also consistent with evolution- 
ary tracks of stellar masses that are much higher than 60 Mq, that 
has to be regarded as a lower mass limit. 
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iPilvugin at "all ()2004[ ). the characteristic (at R = O.4R25) 
oxygen abundance of NGC 7259 would be 12 + log(0/H) 
= 8.34, which gives 12 + log(0/H) = 8.07 at the SN po- 
sition, clearly sub-solar. 

As a consequence, a pulsational pair-instability sce- 
nario may provide a plausible explanation for the 2012 
events, without necessarily invoking the core-collapse of 
the star. According to this, the 2012a event may have 
been a pulsational pair-instability eruption followed by 
collisions of these ejecta with pre-existing CSM. The 
late September - early October spectra of SN 2009ip, 
again dominated by narrow lines with Lorentzian pro- 
files, indicate that the high-velocity material is covered 
by electron scattering in a high-density inter action shell 
(|Mauerhan et al.ll2012bl: IChugai et al.i [200l . We note 
that, as mentioned in Section [11 there is no robust X-ray 
or radio detection of SN 2009ip. Although this would 
not support strong ejecta-CSM interaction, it does not 
necessarily rule it out. According to the pulsational pair- 
instability scenario, the star's core is slowly contracting 
and is finally expected to become a real core-collapse 
supernova (within a f ew years) with a potentially very 
luminous display ( Woo slev et al.l[2007[ ). 

3.3. Was the historical SN 1961 V similar to the 2012b 
eruptive event? 

The photometric comparison between SN 2009ip and 
SN 1961V shown in Figure [21 including the major erup- 
tion when SN 1961V reached an absolute peak magni- 
tude of above -17, and the spectra ([Branch fc GreensteinI 
|1971|) dominated by relatively narrow H lines, suggest a 
close similarity between these two transients, hence sup- 
porting the statement that SN 1961V may have been 
another pulsational-pair instability SN. 

SN 1961V had a very troublesome genesis. For many 
years, from 1937 to 1954, its quiescent progenitor was the 
most luminous star in the host galaxy, NG C 1058. It had 
an apparent photographic mag nitude of 18 ([Bertolalll964 
corresponding to an absolute mag Mb ~ -12). With this 
luminosity, the star -likely an LBV- had an estimated 
MzA MS > 80 MfT^ (ad opting metallicities from 1/3 to 
1 Zg. iKochanek et al.l[2011i) . Then the object was ob- 
served at a constant magnitude of about 14.1-14.3 from 
July 1961 to November 1961, and finally rose to a sharp 
maximum at mag f» 13 on December 11, 1961 ([Bertolal 
[1961 [1961 . The peak was followed by a complex lumi- 
nosity decline, which lasted for a few years with highly 
variable slopes (see Figure [2]) . 

The nature of this transient has been widely debated, 
and independent studies gave contradictory results on 
its real nature (genuine SN or SN impostor; see discus- 
sion in Smith et al. 2010). On the one hand, some au- 
thors state that a post-outburst surviving star (known 
as "Object 7", see lVan Dvk fc Matheso"n1l2012l and ref- 
erences therein) is visible in HST optical archival im- 
ages. The December 1961 light curve peak and the 
fluctuations in the post-maximum luminosity decline 
of SN 1961V could have been be produced by strong 
interaction between fast-moving, high-density material 
produced in an eruptive episode before 1961 with a 
lower-density, pre-existent circumstellar shell, without 
the need of a proper SN explo sion, as also suggested by 
[Van Dvk fc Matheson I (|2012f) . On the other hand, on 
the basis of the lack of sufficient infrared emission from 



the survived putative progenitor. iKochanek et all (|2011[ ) 
proposed that SN 1961V had effectively exploded as a 
real SN, and its unusual observed properties could be 
explained via the ejecta interacting with a dense circum- 
stellar medium. 

Even after half a century from the outburst, we can 
only speculate about the nature of SN 1961V, without 
giving definitive answers. Many years after that event, 
we tackle an analogous situation. SN 2009ip shares many 
strong similarities with SN 1961V, and the available in- 
formation collected for SN 2009ip so far favor the pul- 
sational pair-instability scenario of an extremely massive 
LBV. Whether the star has ended its life in the final core- 
collapse SN explosion, or the 2012b re-brightening event 
was due to shell-shell collisions is not known yet. Only 
long term monitoring of this erupting LBV will perhaps 
unveil its fate. 

Given this spectacular latest event, it would seem in- 
cumbent upon us to secure long-term monitoring cam- 
paigns (spectroscopy and imaging from both targeted 
and archival work) to track the variability history of the 
SN impostors. These long term campaigns are probably 
the most fruitful method to understanding the mecha- 
nisms that cause the unpredictable variability and de- 
termine the fate of LBVs, the most massive stars in the 
Local Universe. SN 2009ip should be one of best studied 
transient events in history. Already, the data collected 
on the progenitor star outstrips all the information we 
have on all other SN progenitors to date. 
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APPENDIX 

SPECTROSCOPY LOG AND PHOTOMETRY TABLES 



SN 2009ip, is this the end? 



TABLE 1 

Log of observed spectra of SN 2009ip. 



Date (dd/mm/yy) JD-2400000 Instrumental configuration Range (A) Resolution (A) 
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10;9 


22/ iu/uy 


55126.7 


IN i i +£!jL OoC'2+gmli+gmiD 
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14;12 
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24/ ii/uy 
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14 
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04/10/12 


56205.40 
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3320-8090 
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TABLE 2 
Optical photometry of SN 2009ip. 



Date JD-2400000 U B V R I Source 



30/08/09 


55074.14 


- 


- 






18.11 (0.13) 


1 


30/08/09 


55074.10 


- 


- 


18.13 


(0.09) 


- 


2 


30/08/09 


55074.24 


- 


18.51 (0.18) 






- 


2 


06/09/09 


55080.92 


- 


20.99 (0.37) 






- 


2 


07/09/09 


55081.56 


- 


21.06 (0.05) 


20.43 


(0.03) 


- 


3 


07/09/09 


55082.00 


- 


20.70 (0.17) 






- 


2 


07/09/09 


55082.02 


- 


20.73 (0.20) 






- 


2 


07/09/09 


55082.03 


- 


- 


19.78 


(0.24) 


- 


1 


08/09/09 


55083.43 


- 


- 


20.17 


(0.08) 


- 


4 


09/09/09 


55083.80 


- 


20.72 (0.32) 






- 


5 


09/09/09 


55084.03 
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20.82 (0.25) 






- 


2 


09/09/09 


55084.06 
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- 
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- 


1 


10/09/09 


55084.99 
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- 
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55085.42 
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- 
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4 
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20.48 (0.19) 


7 
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- 






>19.61 


1 


13/09/09 


55088.10 
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21.01 (0.30) 






- 


6 


14/09/09 


55088.81 


- 


- 






>19.78 


5 


14/09/09 


55088.98 


- 


- 






20.44 (0.30) 


1 


14/09/09 


55089.42 


- 


- 


20.61 


(0.06) 


- 


4 


14/09/09 


55089.53 


- 


21.04 (0.03) 


20.62 


(0.05) 


20.40 (0.19) 


7 


23/09/09 


55098.39 


- 


- 


18.48 


(0.06) 


- 


4 


24/09/09 


55098.72 


- 


18.95 (0.13) 






- 


5 


24/09/09 


55098.78 


- 


- 






18.78 (0.21) 


5 


24/09/09 


55099.42 


19.64 (0.03) 


19.32 (0.04) 


19.01 


(0.04) 


18.97 (0.10) 


4 


25/09/09 


55099.56 


- 


19.33 (0.02) 


18.93 


(0.06) 


- 


3 


25/09/09 


55099.65 


- 


19.39 (0.12) 






- 


5 
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55101.39 


20.41 (0.11) 


20.12 (0.13) 


19.89 


(0.07) 


19.71 (0.16) 


4 


27/09/09 


55101.73 


- 


20.11 (0.25) 
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5 
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55103.64 


- 
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19.32 


(0.03) 


- 


3 
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- 


- 


20.04 


(0.14) 


- 


4 


06/10/09 
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- 


- 


20.47 


(0.13) 


- 


4 


08/10/09 


55113.37 


- 


- 


20.54 


(0.05) 
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4 
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55114.91 


- 


21.26 (0.36) 






- 


6 
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55118.46 


- 


21.21 (0.10) 


20.51 


(0.06) 


20.39 (0.10) 


4 
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- 


20.57 (0.31) 
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20.38 


(0.17) 


20.31 (0.16) 
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- 


19.31 
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- 


- 


20.09 
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- 


4 


06/11/09 


55141.94 


- 


21.04 (0.28) 






- 


6 


07/11/09 


55142.93 


- 


20.91 (0.18) 






- 


6 
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55145.82 


- 


- 


20.18 


(0.03) 
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4 
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55148.83 


- 


- 


19.77 


(0.02) 
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- 
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(0.06) 
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4 


22/11/09 


55157.55 


- 
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21.06 


(0.04) 


- 


7 
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55159.60 


21.75 (0.06) 


21.46 (0.10) 


20.89 


(0.09) 


20.96 (0.16) 


7 


29/11/09 


55163.83 


- 


- 


20.59 


(0.09) 


- 


4 


05/12/09 


55169.83 


- 


- 


20.95 


(0.07) 


- 


4 


04/10/10 


55473.79 


- 


- 


20.29 


(0.15) 


- 


7 


06/10/10 


55475.60 


- 


- 


20.67 


(0.07) 


- 


7 


06/10/10 


55475.63 


- 


- 


20.65 


(0.03) 


- 


7 


06/10/10 


55475.70 


21.36 (0.06) 21.66 (0.02) 


21.29 (0.08) 


20.65 


(0.08) 


20.63 (0.12) 


7 


28/10/10 


55497.67 


- 


- 


19.92 


(0.03) 


- 


7 


30/10/10 


55499.56 


20.57 (0.02) 


20.25 (0.05) 


19.88 


(0.06) 


- 


7 


30/10/10 


55499.63 


- 


- 






19.80 (0.12) 


7 


20/12/10 


55550.95 


- 


- 


19.77 


(0.10) 


- 


8 


23/12/10 


55553.95 


- 


- 


20.14 


(0.16) 


- 


8 


31/12/10 


55561.55 


- 


- 


19.96 


(0.12) 


- 


7 


02/01/11 


55563.55 


- 


- 


19.93 


(0.08) 


- 


7 


25/03/11 


55645.91 


- 


- 


20.16 


(0.40) 


- 


7 


11/04/11 


55662.90 


- 


- 


20.87 


(0.20) 


- 


7 


10/05/11 


55691.89 


- 


- 


18.50 


(0.07) 


- 


7 


25/05/11 


55707.13 






20.59 


(0.15) 




8 


26/05/11 


55708.20 






20.83 


(0.11) 




8 


27/05/11 


55709.19 






20.81 


(0.18) 




8 


04/06/11 


55717.27 






18.18 


(0.07) 




8 


10/06/11 


55723.26 






20.12 


(0.17) 




8 


19/06/11 


55732.22 






20.48 


(0.22) 




8 


24/06/11 


55736.82 






20.63 


(0.10) 




7 


24/06/11 


55737.17 






20.60 


(0.07) 




8 


26/06/11 


55738.78 






20.87 


(0.09) 




7 


03/07/11 


55746.06 






20.48 


(0.16) 




8 


08/07/11 


55751.11 






18.18 


(0.05) 




8 


14/07/11 


55757.02 






20.03 


(0.41) 
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TABLE 2 — Continued 



Date 


JD-2400000 


U 


B 


V 


R 


I 


Source 


23/07/11 


55766.20 


- 


- 


- 


20.34 


(0.09) 


- 


8 


28/07/11 


55771.21 


- 


- 


- 


20.45 


(0.08) 


- 


8 


03/08/11 


55777.24 


- 


- 


- 


18.46 


(0.05) 


- 


8 


24/08/11 


55797.93 


- 


- 


- 


19.40 


(0.05) 


- 


8 


27/08/11 


55801.12 


- 


- 


- 


19.91 


(0.03) 


- 


8 


28/08/11 


55802.13 


- 


- 


- 


20.17 


(0.05) 


- 


8 


30/08/11 


55804.24 


- 


- 


- 


20.39 


(0.05) 


- 


8 


01/09/11 


55805.90 


- 


- 


- 


20.49 


(0.14) 


- 


8 


03/09/11 


55808.01 


- 


- 


- 


20.73 


(0.07) 


- 


8 


05/09/11 


55809.90 


- 


- 


- 


20.89 


(0.15) 


- 


8 


06/06/11 


55810.66 


- 


- 


- 


21.00 


(0.08) 


- 


7 


07/09/11 


55811.04 


- 


- 


- 


21.14 


(0.25) 


- 


8 


10/09/11 


55815.02 


- 


- 


- 


>19 


.67 


- 


8 


13/09/11 


55817.90 


- 


- 


- 


20.77 


(0.17) 


- 


8 


16/09/11 


55821.18 


- 


- 


- 


20.29 


(0.11) 


- 


8 


17/09/11 


55821.92 


- 


- 


- 


19.56 


(0.05) 


- 


8 


19/09/11 


55823.94 


- 


- 


- 


18.57 


(0.03) 


- 


8 


21/09/11 


55826.15 


- 


- 


- 


17.86 


(0.04) 


- 


8 


22/09/11 


55826.91 


- 


- 


- 


18.48 


(0.04) 


- 


8 


22/09/11 


55826.98 


- 


- 


- 


18.58 


(0.03) 


- 


8 


22/09/11 


55827.09 


- 


- 


- 


18.72 


(0.03) 


- 


8 


24/09/11 


55829.18 


- 


- 


- 


19.02 


(0.24) 


- 


8 


26/09/11 


55830.90 


- 


- 


- 


19.36 


(0.07) 


- 


8 


26/09/11 


55830.98 


- 


- 


- 


19.40 


(0.03) 


- 


8 


26/09/11 


55831.13 


- 


- 


- 


19.45 


(0.06) 


- 


8 


27/09/11 


55831.99 


- 


- 


- 


19.65 


(0.07) 


- 


8 


30/09/11 


55834.90 


- 


- 


- 


20.02 


(0.05) 


- 


8 


04/10/11 


55838.91 


- 


- 


- 


18.85 


(0.04) 


- 


8 


09/10/11 


55843.90 


- 


- 


- 


>lg 


.45 


- 


8 


18/10/11 


55852.52 


- 


- 


- 


20.87 


(0.09) 


- 


7 


18/10/11 


55852.99 


- 


- 


- 


20.82 


(0.08) 


- 


8 


20/10/11 


55854.59 


- 


- 


- 


20.90 


(0.14) 


- 


7 


21/10/11 


55855.91 


- 


- 


- 


20.84 


(0.07) 


- 


8 


22/10/11 


55856.02 


- 


- 


- 


20.84 


(0.08) 


- 


8 


24/10/11 


55858.91 


- 


- 


- 


20.50 


(0.06) 


- 


8 


17/11/11 


55882.57 


- 


- 


- 


20.77 


(0.10) 


- 


7 


27/11/11 


55892.94 


- 


- 


- 


19.96 


(0.06) 


- 


8 


19/12/11 


55914.54 


- 


- 


- 


19.85 


(0.09) 


- 


7 


21/12/11 


55916.53 


- 


- 


- 


19.70 


(0.11) 


- 


7 


23/04/12 


56040.43 


- 


- 


- 


19.92 


(0.13) 


- 


7 


08/08/12 


56147.73 


17.54 (0.01) 


18.51 (0.01) 


18.43 (0.04) 


18.22 


(0.03) 


18.12 (0.05) 


7 


09/08/12 


56148.91 


- 


- 


- 


18.46 


(0.08) 


- 


7 


11/08/12 


56150.90 


- 


- 


- 


18.23 


(0.05) 


- 


7 


18/08/12 


56157.76 


16.54 (0.22) 


17.24 (0.10) 


17.05 (0.11) 


16.86 


(0.06) 


16.73 (0.11) 


9 


25/08/12 


56164.78 


- 


- 


- 


16.94 


(0.02) 


- 


7 


26/08/12 


56165.59 


16.09 (0.01) 


16.88 (0.01) 


16.84 (0.02) 


16.61 


(0.02) 


16.53 (0.02) 


7 


27/08/12 


56166.65 


16.24 (0.01) 


17.02 (0.01) 


16.93 (0.01) 


16.73 


(0.03) 


16.58 (0.03) 


7 


29/08/12 


56168.54 


- 


- 


- 


16.56 


(0.05) 


- 


10 


31/08/12 


56170.54 


16.32 (0.02) 


17.02 (0.01) 


16.84 (0.02) 


16.54 


(0.05) 


16.48 (0.08) 


10 


01/09/12 


56171.60 


- 


16.92 (0.03) 


16.77 (0.03) 


16.52 


(0.04) 


16.49 (0.05) 


11 


02/09/12 


56172.62 


- 


17.02 (0.08) 


16.73 (0.02) 


16.57 


(0.04) 


16.41 (0.04) 


11 


05/09/12 


56175.57 


16.72 (0.03) 


17.31 (0.06) 


17.09 (0.04) 


16.82 


(0.03) 


16.77 (0.03) 


12 


05/09/12 


56175.85 


- 


- 


16.99 (0.07) 


16.78 


(0.07) 


16.79 (0.10) 


11 


06/09/12 


56176.56 


- 


17.34 (0.06) 


17.08 (0.03) 


16.85 


(0.04) 


16.70 (0.05) 


11 


07/09/12 


56177.53 


- 


- 


- 


16.80 


(0.08) 


- 


7 


07/09/12 


56177.60 


16.39 (0.12) 


- 


- 


- 




- 


7 


10/09/12 


56180.53 


- 


- 


- 


16.79 


(0.10) 


- 


7 


18/09/12 


56188.54 


- 


- 


- 


17.66 


(0.10) 


- 


7 


22/09/12 


56193.46 


17.96 (0.02) 


18.23 (0.04) 


18.00 (0.04) 


17.58 


(0.09) 


17.58 (0.06) 


10 


23/09/12 


56193.59 


- 


18.22 (0.07) 


17.97 (0.04) 


17.61 


(0.06) 


17.48 (0.07) 


11 


23/09/12 


56194.10 


- 


- 


- 


- 




17.32 (0.10) 


2 


24/09/12 


56194.58 


- 


18.14 (0.06) 


17.84 (0.03) 


17.53 


(0.06) 


17.45 (0.06) 


11 


24/09/12 


56195.09 


- 


- 


- 


16.32 


(0.05) 


16.53 (0.07) 


2,6 


25/09/12 


56195.63 


- 


- 


15.62 (0.02) 


15.48 


(0.05) 


15.43 (0.04) 


11 


25/09/12 


56195.70 


- 


- 


- 






15.03 (0.12) 


5 


25/09/12 


56196.01 


- 


- 


- 


15.00 


(0.03) 


15.04 (0.06) 


2,6 


26/09/12 


56196.60 






14.84 (0.02) 


14.65 


(0.03) 


14.67 (0.04) 


11 


26/09/12 


56196.98 








14.52 


(0.05) 


14.56 (0.05) 


2,6 


27/09/12 


56197.63 






14.52 (0.02) 


14.37 


(0.03) 


14.39 (0.04) 


11 


27/09/12 


56198.03 












14.33 (0.08) 


2 


28/09/12 


56198.80 




14.32 (0.03) 


14.32 (0.02) 


14.09 


(0.04) 


14.12 (0.03) 


11 


28/09/12 


56198.93 








14.14 


(0.05) 


14.21 (0.07) 


2,6 


28/09/12 


56199.42 


13.20 (0.03) 


14.20 (0.02) 


14.28 (0.02) 


14.11 


(0.01) 


14.11 (0.02) 


4 


29/09/12 


56199.65 




14.28 (0.02) 


14.20 (0.01) 


14.09 


(0.02) 


14.08 (0.02) 


11 


29/09/12 


56200.43 


13.03 (0.03) 


14.09 (0.02) 


14.15 (0.02) 


13.98 


(0.01) 


13.98 (0.02) 


4 
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Pastorello et al. 
TABLE 2 — Continued 



Date 


JD-2400000 


U 


B 


V 


R 




I 


Source 


30/09/12 


56201.19 


- 


- 


- 


13.91 


(0.04) 


13.98 


(0.03) 


2,6 


01/10/12 


56201.94 








13.85 


(0.03) 


13.94 


(0.03) 


2,6 


01/10/12 


56202.44 


12.98 (0.03) 


13.97 (0.02) 


14.03 (0.02) 


13.86 


(0.01) 


13.88 


(0.02) 


4 


01/10/12 


56201.53 




14.02 (0.04) 


14.03 (0.02) 


13.91 


(0.02) 


13.95 


(0.01) 


11 


02/10/12 


56202.76 






13.96 (0.05) 










5 


04/10/12 


56204.52 




13.95 (0.05) 


13.75 (0.02) 


13.78 


(0.03) 


13.79 


(0.05) 


11 


06/10/12 


56207.40 


12.82 (0.04) 


13.80 (0.02) 


13.82 (0.02) 


13.65 


(0.02) 


13.66 


(0.02) 


4 


07/10/12 


56208.41 






13.83 (0.02) 


13.65 


(0.01) 


13.67 


(0.02) 


4 


08/10/12 


56209.42 






13.88 (0.02) 


13.73 


(0.01) 


13.68 


(0.02) 


4 


09/10/12 


56210.43 


12.99 (0.03 ) 


13.91 (0.02) 


13.92 (0.01) 


13.73 


(0.01) 


13.70 


(0.02) 


4 



1 0.3-m Mcwlon Telescope + STIO XME camera, Coral Tower 
Observatory, Cairns (Australia) 

2 0.41-m RCOS Telescope + STL6K camera, Coral Tower Ob- 
servatory, Cairns (Australia) 

3 8.2-m Very Large Telescope UTl + FORS2, European South- 
ern Observatory - Cerro Paranal (Chile) 

* 2-m Liverpool Telescope -|- RATCAM, La Palma, Canary Is- 
lands (Spain) 

5 0.51-m RCOS Telescope + STLllK camera, New Mexico Skies, 
Mayhill, New Mexico (USA) 

6 0.33-m RCOS Telescope + STL6K camera, in 2009 at the 
Ma<;edon Ranges Observatory, Melbourne; in 2012 at the Coral 
Tower Observatory, Cairns (Australia) 

3.58-m New Technology Telescope + EFOSC2, European 



Southern Observatory - La Silla (Chile) 

^ 2-in Faukes Telescope South + EM03, Siding Spring Observa- 
tory (Australia) 

^ 8.2-m Very Large Telescope UT2 -|- XShooter (spectro- 
photometry), European Southern Observatory - Cerro Paranal 

(Chile) 

3.58-m Telescopio Naaionale Galileo -t- Dolores, La Palma, 

Canary Islands (Spain) 

0.41-m Panchromatic Robotic Optical Monitoring and Po- 
larimctry Telescopes (PROMPT) (3+5), at Cerro Tololo Inter- 
American Observatory (Chile) 

12 2.56-m Nordic Optical Telescope -|- ALFOSC, La Palma, Ca- 
nary Islands (Spain) 



SN 2009ip, is this the end? 



TABLE 3 

Swift/UVOT photometry of SN 2009ip. 



Date 


JD 






UVw2 




UVm2 




UVwl 




u 




b 






V 


1 n /nn /no 

iu/uy/uy 


ooUf5o 


1 7 
1 / 






.64 




>21.10 




>21.18 




>20.87 


>21.22 




>20.30 


u4/uy/iz 


56175 


40 


18 


no 


U-Uo J 








17 


20 


(0.05) 


16 


49 


(0.04) 


17.29 


(0.04) 


17 


01 


(0.02) 


Uo/uy/iz 


56177 


14 


18 


02 


0.08) 


1 / 


95 


(0.08) 


17 


06 


(0.07) 


16 


51 


(0.06) 


17.33 


(0.07) 


17 


23 


(0.12) 


1 Q /nn / 1 o 
io/Uy/ 12 


56183 


94 


19 


38 


0.32) 


19 


04 


(0.16) 


18 


29 


(0.12) 


17 


31 


(0.07) 


17.73 


(0.08) 


17 


83 


(0.14) 


on /nn / 1 o 

zu/uy/ iZ 


56191 


25 














19 


30 


(0.24) 


17 


91 


(0.13) 


18.50 


(0.17) 








oo /nn / 1 o 
22/Uy/ 12 


56193 


26 


20 


58 


0.26) 


20 


52 


(0.32) 


19 


36 


(0.23) 


1 ^ 
1 / 


91 


(0.07) 


18.24 


(0.06) 


18 


17 


(0.07) 


o/^ / r\r\ /to. 

2D/Uy/12* 


56196 


73 


12 


oo 


fn 07^ 

U.U 1 J 


12 


82 


(0.06) 


13 


00 


(0.05) 


13 


43 


(0.04) 


14.78 


(0.04) 


14 


90 


(0.04) 


o'/ /nn / 1 o 
2 / /Uy/ 12 


56197 


95 


12 


61 


0.04) 








12 


78 


(0.04) 


















oT /nn / 1 o 
2 / /uy/ 12 


56198 


20 


12 


ov 










12 


68 


(0.04) 


13 


02 


(0.04) 


14.40 


(0.04) 








OQ /nn / 1 1 
2o/Uy/ 12 


t^fii no 


04 


1 o 
12 


47 


0.04) 


1 o 


36 


(0.04) 


1 o 

iz 


66 


(0.04) 


1 o 

iz 


90 


(0.04) 


14.40 


(0.05) 




58 


(0.06) 


oo /nn / 1 o 
2o/Uy/ 12 


56199 


09 


12 


39 


0.04) 








12 


63 


(0.04) 


















on /nn / 1 o 
2y/Uy/ 12 


56199 


96 














12 


57 


(0.04) 


















on /nn / 1 o 
2y/Uy/ 12 


56200 


15 


12 


28 


0.04) 


12 


38 


(0.05) 


12 


45 


(0.04) 


12 


81 


(0.04) 


14.11 


(0.04) 


14 


22 


(0.04) 


Qn /nn / 1 o 
oU/Uy/12 


56200 


74 




















12 


75 


(0.04) 












on /nn / 1 o 
oU/Uy/12 


56201 


01 


12 


21 


0.04) 






























Qn /nn / 1 o 
oU/Uy/ 12 


002U1 


/in 


1 o 
12 


18 


0.04) 




07 


(0.04) 


1 o 
iz 


35 


(0.04) 


1 o 
iz 


67 


(0.04) 


13.94 


(0.04) 


1 A 

14 


12 


(0.04) 


m /i n / 1 o 
Ul / lU/ 12 


0D2U1 


DO 


1 o 
12 


19 


0.04) 






























m /in/io 
Ul/lU/ 12 


56201 


93 


12 


20 


0.04) 






























m /in/io 
Ul/lU/ 12 


56202 


49 


12 


16 


0.04) 


12 


10 


(0.04) 


12 


36 


(0.04) 


12 


65 


(0.04) 


13.99 


(0.04) 


14 


04 


(0.04) 


no /i n /i o 
U2/ lU/ 12 


OD2U2 


ID 


1 o 
12 


18 


(0.04) 


1 o 


11 


(0.04) 


1 o 
iz 


36 


(0.04) 


1 o 
iz 


65 


(0.04) 


13.95 


(0.04) 


14 


08 


(0.04) 






56 


12 


20 


(0.04) 


12 


11 


(0.04) 


12 


36 


(0.05) 


12 


65 


(0.05) 


13.96 


(0.04) 


14 


09 


(0.04) 


03/10/12 


56203 


79 


12 


23 


(0.04) 






























04/10/12 


56204 


55 


12 


14 


(0.04) 


12 


04 


(0.04) 


12 


30 


(0.05) 


12 


63 


(0.05) 


13.86 


(0.04) 


13 


92 


(0.04) 


04/10/12 


56204 


89 


12 


10 


(0.04) 






























04/10/12 


56205 


01 


























13.80 


(0.12) 








05/10/12 


56205 


90 


12 


10 


(0.04) 






























05/10/12 


56206 


02 


























13.77 


(0.10) 








06/10/12 


56206 


62 


12 


10 


(0.04) 


12 


02 


(0.04) 


12 


24 


(0.04) 


12 


52 


(0.05) 


13.75 


(0.05) 


13 


86 


(0.04) 


06/10/12 


56206 


70 


12 


13 


(0.04) 






























07/10/12 


56207 


93 


12 


27 


(0.04) 






























08/10/12 


56209 


17 


12 


42 


(0.04) 


12 


26 


(0.04) 


12 


48 


(0.05) 


12 


62 


(0.05) 


13.84 


(0.05) 


13 


87 


(0.04) 


10/10/12 


56210 


56 


12 


61 


(0.05) 


12 


44 


(0.04) 


12 


59 


(0.05) 


12 


80 


(0.05) 


13.92 


(0.05) 


13 


88 


(0.04) 



Note. — The photometry at the epoch marked with * has been published by IMargutti et al] Il2012bl) . 



TABLE 4 

Near-infrared photometry of SN 2009ip obtained during the 2012a 
AND 2012b events. 



Date 



JD 



H 



Ks 



Source 



18/08/12 
26/08/12 
08/09/12 
09/09/12 
22/09/12 
27/09/12 
28/09/12 
01/10/12 



56157.76 
56165.80 
56178.53 
56179.60 
56193.59 
56198.48 
56199.47 
56202.46 



16.322 
16.246 
16.471 
16.463 
17.174 
14.170 
14.064 
13.974 



0.177 
0.098 
0.132 
0.102 
0.120 
0.097 
0.108 
0.110 



16.163 0.164 
16.106 0.119 
16.275 0.134 
16.279 0.124 
17.146 0.177 
13.916 0.114 
13.781 0.128 
13.733 0.137 



16.596 0.220 
15.875 0.151 
15.919 0.184 
16.024 0.152 
16.859 0.171 
13.483 0.156 
13.378 0.167 
13.292 0.178 



^ 8.2-m Very Large Telescope UT2 + XShooter (spectro-photometry), Euro- 
pean Southern Observatory - Cerro Paranal (Chile) 

^ 3.58-m New Technology Telescope -|- SOFI, European Southern Observa- 
tory - La Silla (Chile) 

^ 2.56-m Nordic Optical Telescope -|- NOTCam, La Palma, Canary Islands 
(Spain) 
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TABLE 5 

Unpublished optical photometry of NGC3432-LBV1 (aka SN 2000ch). 



Date 


JD- 2400000 


U B 


V 


R 


I 


Source 


Uz/U7/lU 


ooooU.oT 






iy.7o (U.U5j 




1 


1 A /nT /in 
i4/U ( / iU 


00oy2.o ( 






1 n nn /n n c:^ 
ly.Oy (0.05; 




1 


on /f\T /in 
iU/U / iU 


PC uno Qd 
OOoyo.oD 






on c; Q /n Q 1 ^ 
20. 5o (O.ol J 




1 


in / in / in 
iU/iU/ iU 


rr r: /I on 'rn 






1 n T/i /n 1 n^ 
ly. / 4 (O.IOJ 




1 


Oil? /in / 1 r» 

2b/lU/ iU 


05495.00 


OO OC 1 1\ AtW 

11. lb (U.4Uj 


oo OT 1 1\ 1 

20.97 (0.17) 


T o on /■ r\ o/^\ 

19. yy (o.ooj 


OO 1 T /O 00\ 

20.17 (0.22) 


1 


i't/ii /in 
i //li/ iU 


tr c cr 1 v "71 

5551 ( .( V 






inno /niiA 

ly.yo (O.llJ 




1 


on /i 1 /in 
zU/ 11/ iU 


555ZU.05 






on QQ /n n^^ 
zU.oo (u.uyj 




1 
1 


15/01/11 


55570.75 






19.14 (0.05j 




1 


no /no / 1 1 
Uo/U2/ 11 


tr ccnn "yn 
55dOU. /U 






1 n no /n nvA 
19.95 (0.0 




2 


nn /no / 1 i 
Uy/Uz/ 11 


tr c /^ni c; Q 

55501. 5o 


oi 01 /n io\ 
21.21 \\j.Vl) 


on nn /n i n\ 
20. yO (O.lOj 


on nc^ / n nnA 
20.05 (0.09J 


1 n n'7 /n i c;^ 
19. y7 (0.15j 


3 


nn /no / 1 i 
Uy/Uz/11 


r c /^no /I n 
55502.49 






on nn /n n c; A 
20.09 (0.05J 




3 


22/02/11 


55d15.77 






19.97 (0.05) 




4 


n^; /n A / 1 i 
Ud/04/11 


ooooo.4y 


oi Of; ( (\ 1 
21. 2d (U.loJ 


OI OK /"n 1 

IV. lb (u.iyj 


on oo /n 1 o^ 
2U.2o (U.loj 


>19.99 


3 


1 n /n A / 1 1 
10/04/11 


cciifio dn 
OODD2.4U 






on OQ /n 1 o\ 
zU.zo (U.lZj 




1 


r\i /nc /ii 

Ul/Uo/ll 


OOD03.40 






>19.54 




3 


U/ /Uo/ li 








in /to t n t\A\ 
iy.42 (U.U4) 




1 


oo /hk /1 1 

zz/Uo/ii 


007U4.00 






1 n 1 '7 fn nc\ 
iy.l7 (U.U5j 




1 


on /n^; /i i 
oU/Uo/ 11 


55743. o7 






1 n nt; /n 1 1 \ 
ly.yb (U.llj 




1 


01/11/11 


o5ood.5d 


■v^ 1 n fii ^ oo OI 
>iy.Ol >22.21 


>21.35 


on /to /n OQ^ 
20.48 (0.23J 


>20.22 


3 


02/11/11 


55867.69 




21.80 (0.36) 


20.53 (0.19) 


20.91 (0.28) 


1 


16/11/11 


55881.72 






20.95 (0.33) 




1 


20/11/11 


55885.63 






21.18 (0.20) 




3 


22/12/11 


55917.62 






21.07 (0.07) 




2 


24/12/11 


55919.57 






21.42 (0.19) 




1 


21/01/12 


55948.41 






20.12 (0.47) 




3 


30/01/12 


55957.47 






19.87 (0.22) 




3 


17/03/12 


56003.51 






19.40 (0.07) 




3 


26/03/12 


56013.36 






19.13 (0.08) 




3 


28/03/12 


56015.45 






19.23 (0.08) 




3 


17/07/12 


56126.34 






>20.90 




3 


26/07/12 


56135.35 






>20.70 




3 



1 2.2-m Calar Alto Telescope + CAFOS, Calar Alto, Almeria (Spain) 

^ 2.56-m Nordic Optical Telescope + ALFOSC, La Palma, Canary Islands (Spain) 

3 1.82-m Copernico Telescope + AFOSC, Mt. Ekar, Asiago (Italy) 

* 4.2-m William Herschel Telescope + ACAM, La Palma, Canary Islands (Spain) 



SN 2009ip, is this the end? 
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TABLE 6 

Magnitudes of the reference stars in the field of SN 2009ip, including the near-infrared magnitudes from the 2mass cataloi 



Filter Star 1 Star 2 Star 3 Star 4 Star 5 Star 6 Star 7 Star 8 Star 9 Star 10 



Optical 

U 15.70 (0.01) 16.14 (0.04) - - 21.06 (0.07) 20.44 (0.05) - - - 20.33 (0.05 

B 15.76 (0.02) 16.20 (0.01) 21.13 (0.02) 19.10 (0.05) 20.14 (0.04) 20.01 (0.02) 20.76 (0.03) 20.10 (0.01) 20.95 (0.02) 19.38 (0.05 

V 15.20 (0.01) 15.62 (0.03) 19.56 (0.02) 17.68 (0.01) 19.08 (0.02) 19.17 (0.01) 19.47 (0.01) 18.96 (0.01) 19.70 (0.03) 18.37 (0.05 

R 14.87 (0.01) 15.26 (0.01) 18.67 (0.01) 16.81 (0.01) 18.39 (0.01) 18.64 (0.01) 18.58 (0.02) 18.19 (0.01) 18.73 (0.02) 17.74 (0.01 

I 14.54 (0.01) 14.94 (0.01) 17.76 (0.02) 15.99 (0.02) 17.80 (0.02) 18.18 (0.02) 17.59 (0.01) 17.47 (0.01) 17.68 (0.01) 17.15 (0.05 



SWIFT 

UVw2 18.34 (0.15) 18.81 (0.13) - - - - - - - - 

UVm2 18.20 (0.18) 18.61 (0.15) -------- 

UVwl 16.92 (0.08) 17.39 (0.07) -------- 

u 15.64 (0.05) 16.01 (0.05) ------- 20.25 (0.2C 

b 15.70 (0.07) 16.19 (0.05) - - 20.10 (0.27) 19.84 (0.33) 20.60 (0.34) - 20.70 (0.19) 19.33 (0.2C 

V 15.28 (0.07) 15.65 (0.09) - - 19.23 (0.22) 19.09 (0.21) 19.37 (0.21) - 19.73 (0.16) 18.50 (0.25 



Near-Infrared 

"j 14.12 (0.03) 14.43 (0.03) - 15.05 (0.05) - - 16.61 (0.15) 16.75 (0.10) 16.61 (0.15) 16.58 (O.IE 

H 13.84 (0.04) 14.02 (0.05) - 14.35 (0.05) - - 15.85 (0.18) 15.90 (0.19) 15.83 (0.18) 15.80 (0.17 

Ks 13.71 (0.06) 14.13 (0.07) - 14.18 (0.07) - - - 15.56 (0.24) 15.73 (0.26) 15.29 (0.17 



